RETICLE, EXPOSURE MONITORING METHOD , EXPOSURE METHOD AND 
MANUFACTURING METHOD FOR SEMICONDUCTOR DEVICE 



CROSS REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims the benefit of 

priority from prior Japanese Patent Application P2002-342798 
filed on November 26, 2002; the entire contents of which are 
incorporated by reference herein. 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a reticle and an exposure 
monitoring method, which are configured to monitor an effective 
exposure dose in a multiple exposure process. Moreover, the 
15 present invention relates to an exposure method and a 
manufacturing method for a semiconductor device, which apply 
the exposure monitoring method. 

2 . Description of the Related Art 

20 A multiple exposure which required a plurality of exposure 

processes is attracting attention in recent years as a 
microf abrication technique for a semiconductor device. The 
performance of a semiconductor device is largely controlled 
by dimensions of wiring patterns. For this reason, a control 

25 parameter for enhancing dimensional accuracy in a process using 
the multiple exposure needs to be highly accurately controlled. 
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When using the multiple exposure, an exposure condition is 
normally determined for each exposure step so that the multiple 
exposure is implemented by executing the respective exposure 
steps under the determined exposure conditions. 

A photolithography is a process to transfer a circuit 
pattern on a semiconductor substrate coated with a resist film 
by use of an aligner. In pattern formation using a reduction 
projection aligner, resolution of the aligner is in proportion 
to a wavelength X of exposure light and is in inverse proportion 
to a numerical aperture NA . Therefore, because of the demand 
for miniaturization of semiconductor devices, process 
improvement associated therewith has been heretofore conducted , 
including shortening of the exposure light wavelength and 
achieving a higher NA of a pro j ection lens . However , along with 
the recent demands for further miniaturization of the 
semiconductor device, it has become extremely difficult to 
ensure appropriate exposure latitude and depth of focus . Thus , 
in order to make measurable improvements in the dimensional 
precision in processing by effectively utilizing a small 
exposure margin without causing a reduction in yield, i.e., 
the amount of production, an exposure dose and focus control 
with a higher degree of accuracy is required. 

Proposals have been made for an exposure monitoring method 
with attention on exposure control, in "A. Starikov, "Exposure 
monitor structure" , SPIE Vol . 12 6 1 Integrated Circuit Metrology , 
Inspection , and Process Control 4 ( 1990 ) " and in Japanese Patent 



Laid-Open No. 2000-310850. The proposals have a common 
characteristic in that, in a stepper, an image is transferred 
with an inclined exposure distribution by using a reticle having 
a pattern therein with a dimensional ratio (a duty ratio) of 
a transparent portion and an opaque portion continuously changed 
in one direction by a pitch that cannot resolve images on the 
semiconductor substrate. By use of this method, a variation 
distribution of an effective optimum exposure dose in resist 
mask pattern formation can be provided. Meanwhile, there is 
also a known method of forming patterns provided with an inclined 
distribution of irradiation by means of continuously disposing 
a plurality of patterns having different transmittances (see 
n SPIE Integrated Circuit Metrology, Inspection, and Process 
Control4", Vol. 2726, 1996, p. 799). 

As described above, it is important in microf abrication 
to control exposure conditions for photolithography with high 
accuracy to obtain processing accuracy and uniformity in pattern 
dimensions of a semiconductor device. However, in the case of 
double exposure , there is a so-called " fogging" influence caused 
by a first exposure step and a second exposure step. As used 
herein, the term "fogging" refers to an affect in which an image 
is exposed by an undesirable light. The exposure dose is 
deviated from the exposure condition which is originally set 
up because of the fogging of the two exposure steps . As a result , 
the finished pattern dimensions are different from the original 
design. Moreover, although the current exposure dose 



monitoring method can estimate the effective exposure doses 
in the respective exposure steps in the multiple exposure, the 
exposure dose monitoring method cannot estimate the influences 
on the respective exposure doses which are caused by the multiple 
exposure process. 



SUMMARY OF THE INVENTION 
A first aspect of the present invention inheres in a reticle 
including a first mask portion including a first opaque portion, 
a first exposure monitor pattern provided within a first window 
portion in the first opaque portion and configured to increase 
optical transmittances in a first direction, and a second 
exposure monitor pattern provided within a second window 
portion in the first opaque portion and configured to increase 
optical transmittances in a direction reverse to the first 
direction; and a second mask potion including a second opaque 
portion, a third exposure monitor pattern provided within 
a third window portion in the second opaque portion in a 
position corresponding to the first opaque portion upon 
alignment with a transferred image of the first mask portion 
and configured to increase optical transmittances in the first 
direction, and a fourth exposure monitor pattern provided 
within a fourth window portion in the second opaque portion 
in a position corresponding to the first opaque portion and 
configured to increase optical transmittances in the reverse 



direction . 

A second aspect of the present invention inheres in an 
exposure monitoring method including transferring a first 
exposure monitor pattern onto a resist film through a first 
5 window portion provided on a first opaque portion by a first 
exposure dose while allowing the exposure dose to form an 
inclined distribution in a first direction; transferring a 
second exposure monitor pattern onto an unexposed portion 
of the resist film through a second window portion provided 

10 on the first opaque portion by the first exposure dose while 
allowing the exposure dose to form an inclined distribution 
in a direction reverse to the first direction; transferring 
a third exposure monitor pattern onto an unexposed portion 
of the resist film through a third window portion provided 

15 on a second opaque portion located in a position corresponding 
to the first opaque portion by a variable exposure dose while 
allowing the exposure dose to form an inclined distribution 
in the first direction; transferring a fourth exposure monitor 
pattern onto an unexposed portion of the resist film through 

20 a fourth window portion provided on the second opaque portion 
located in a position corresponding to the first opaque portion 
by the variable exposure dose while allowing the exposure 
dose to form an inclined distribution in the reverse direction; 
measuring a firstpattern displacement between first and third 

25 monitor resist patterns where the first and third exposure 
monitor patterns are transferred, and a second pattern 
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displacement between second and fourth monitor resist 
patterns where the second and fourth exposure monitor patterns 
are transferred; obtaining a displacement between the first 
pattern displacement and the second pattern displacement 
5 relative to an exposure difference between the first exposure 
dose and the variable exposure dose ; and calculating a fogging 
exposure dose attributable to the first exposure dose from 
a displacement value provided when the variable exposure dose 
is equal to the first exposure dose. 

10 A third aspect of the present invention inheres in an exposure 

method including respectively measuring first and second 
fogging exposure doses relative to a first exposure dose for 
exposing a first mask portion so as to transfer a first image 
on an inspection resist film and a second exposure dose for 

15 exposing a second mask portion while overlaying a second image 
transferred through the second mask portion over the first 
image; preparing a reticle including the first mask portion, 
and a substrate coated with a working resist film; transferring 
the first image of the first mask portion onto the working 

20 resist film by an exposure dose obtained by subtracting the 
second fogging exposure dose from the first exposure dose; 
preparing a reticle including the second mask portion; and 
transferring the second image of the second mask portion onto 
the working resist film by an exposure dose obtained by 

25 subtracting the first fogging exposure dose from the second 
exposure dose. 



A fourth aspect of the present invention inheres in a 
manufacturing method for a semiconductor device including 
respectively measuring first and second fogging exposure 
doses relative to a first exposure dose for exposing a first 
5 mask portion so as to transfer a first image on an inspection 
resist film and a second exposure dose for exposing a second 
mask portion while overlaying a second image transferred 
through the second mask portion over the first image; coating 
a working resist film on a semiconductor substrate; placing 

10 the semiconductor substrate and a reticle including the first 
mask portion on an aligner; transferring the first image of 
the first mask portion onto the working resist film by an 
exposure dose obtained by subtracting the second fogging 
exposure dose from the first exposure dose; placing a reticle 

15 including the second mask portion on the aligner; and 
transferring the second image of the second mask portion onto 
the working resist film by an exposure dose obtained by 
subtracting the first fogging exposure dose from the second 
exposure dose. 

20 

BRIEF DESCRIPTION OF DRAWINGS 
Fig. 1 is a layout view showing one example of a reticle 
according to an embodiment of the present invention. 
25 Fig. 2 is an enlarged plan view showing the example of 

the reticle according to the embodiment of the present invention . 
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Fig. 3 is an enlarged cross-sectional view of the reticle 
according to the embodiment of the present invention which is 
taken along the III-III line in Fig. 2. 

Fig. 4 is an enlarged cross-sectional view of the reticle 
according to the embodiment of the present invention which is 
taken along the IV-IV line in Fig. 2. 

Fig. 5 is a view showing one example of fogging first and 
second displacement monitors in a double exposure method 
according to the embodiment of the present invention. 

Fig. 6 is a schematic block diagram of an aligner used 
in a monitoring method according to the embodiment of the present 
invention . 

Figs . 7A and 7B are a greatly enlarged plan view and a 
greatly enlarged cross-sectional view showing the detailed 
example of the reticle according to the embodiment of the present 
invention . 

Figs. 8A to 8C are a cross-sectional view of the reticle, 
a view showing transmission property of exposure light, and 
a cross-sectional view of a resist pattern to be formed, which 
are examples for describing the monitoring method according 
to the embodiment of the present invention. 

Figs. 9 to 11 are cross-sectional views of exposure 
processes for describing the monitoring method according to 
the embodiment of the present invention. 

Fig. 12 is a graph showing a relation between an exposure 
difference and displacement in the monitoring method according 
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to the embodiment of the present invention. 

Figs . 13 to 16 are cross-sectional views of processes which 
are examples for describing the monitoring method according 
to the embodiment of the present invention. 

Fig. 17 is a plan view showing one example of a reticle 
according to a modified example of the embodiment of the present 
invention . 

Figs. 18A and 18B are a plan view and a cross-sectional 
view showing one example of a reticle according to another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of" the present invention will be described 
with reference to the accompanying drawings. It is to be noted 
that the same or similar reference numerals are applied to the 
same or similar parts and elements throughout the drawings, 
and the description of the same or similar parts and elements 
will be omitted or simplified. 

As shown in Fig. 1 , areticle4 for double exposure according 
to an embodiment of the present invention includes a first mask 
portion 14a having a first circuit pattern region 21 in which 
a circuit pattern to be exposed in a first exposure step is 
disposed, and a second mask portion 14b having a second circuit 
pattern region 22 in which a circuit pattern to be exposed in 



a second exposure step so as to overlay a first circuit pattern 
exposed from the first mask portion is disposed. A first 
displacement monitor 51 configured to measure an exposure dose 
in the first exposure step is provided in the first mask portion 
14a. A second displacement monitor 52 configured to measure 
an exposure dose in the second exposure step is provided in 
the second mask portion 14b. Here, the second displacement 
monitor 52 is located in a position to be exposed in the second 
exposure step so as to overlay the first displacement monitor 
51 which is exposed in the first exposure step. The first and 
second displacement monitors 51 and 52 are located in positions 
within the first and second circuit pattern regions 21 and 22 
where the circuit patterns are not provided. 

In the first displacement monitor 51 of the first mask 
portion 14a, as shown in an enlarged plan view in Fig. 2 and 
an enlarged cross -sectional view in Fig . 3 , a first window portion 
11a and a second window portion lib are provided on a first 
opaque portion 16 on a transparent substrate 5 . First and second 
exposure monitor patterns 6 and 7 are provided in the first 
and second window portions 11a and lib, respectively . The first 
exposure monitor pattern 6 is formed into a diffraction grating 
including a plurality of opaque films 6a to 6m which are 
configured to increase pattern widths continuously in one 
direction from the left side to the right side of the drawing 
page. The second exposure monitor pattern 7 is formed into a 
diffraction grating including a plurality of opaque films 7a 
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to 7m which are configured to increase pattern widths 
continuously in a direction which is reverse to the foregoing 
first exposure monitor pattern 6 . Moreover, in the first window 
portion 11a, a wiring pattern 3 and the like which constitutes 
part of the circuit pattern in the first circuit pattern region 
21 is provided adjacent to the first exposure monitor pattern 
6 on the left side of the first exposure monitor pattern 6 as 
observed from the drawing figure. 

In the second displacement monitor 52 of the second mask 
portion 14b, as shown in the enlarged plan view in Fig. 2 and 
an enlarged cross-sectional view in Fig . 4, a third window portion 
12a and a fourth window portion 12b are provided on a second 
opague portion 18 on the transparent substrate 5. Third and 
fourth exposure 'monitor patterns 8 and 9 are provided in the 
third and fourth window portions 12a and 12b, respectively. 
The third exposure monitor pattern 8 is formed into a diffraction 
grating including a plurality of opague films 8a to 8m which 
are configured to increase pattern widths continuously in one 
direction from the left side to the right side of the page, 
as shown in the drawing. The fourth exposure monitor pattern 
9 is formed into a diffraction grating including a plurality 
of opague films 9a to 9m which are configured to increase pattern 
widths continuously in a direction reverse to the foregoing 
third exposure monitor pattern 8. Moreover, on the left side 
of the third window portion 12a as observed from the front of 
the figure, a wiring opague portion 13 in the second circuit 
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pattern region 22 is provided so as to be sandwiched between 
wiring window portions 17a and 17b. Here, the first and third 
exposure monitor patterns 6 and 8, and the second and fourth 
exposure monitor patterns 7 and 9 have the same pattern dimensions 
although the latter patterns 7 and 9 aire reversed by 180 degrees . 

Mask alignment of the first and second displacement 
monitors 51 and 52 in the first and second exposure steps will 
be described with reference to Fig. 5. As shown in Fig. 5, the 
first exposure monitor pattern 6 provided in the first window 
portion 11a is located in a position corresponding to the second 
opaque portion 18 of the second mask portion 14b, for example, 
in a space between the third window portion 12a and the wiring 
window portion 17b. The second exposure monitor pattern 7 
provided in the second window portion lib is also located in 
a position corresponding to the second opaque portion 18 of 
the second mask portion 14b, for example, in a space between 
the third and fourth window portions 12a and 12b. The third 
exposure monitor pattern 8 provided in the third window portion 
12a is located in a position corresponding to the first opaque 
portion 16 of the first mask portion 14a, for example, in a 
space between the first and second window portions 11a and lib. 
The fourth exposure monitor pattern 9 provided in the fourth 
window portion 12b is located in a position corresponding to 
the first opaque portion 16 of the first mask portion 14a, for 
example, on the left side of the second window portion lib as 
observed from the drawing. The wiring pattern 3 of the first 
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mask portion 14a is located in a position to be shielded by 
the wiring opaque portion 13 of the second mask portion 14b. 

In a double exposure process , the circuit pattern including 
the wiring pattern 3 and the like of the first mask portion 
14a , and the first and second exposure monitor patterns 6 and 
7 of the first displacement monitor 51 are subj ected to exposure 
in the first exposure step . Subsequently , in the second exposure 
step, the third and fourth exposure monitor patterns 8 and 9 
are subjected to exposure in the region of the first opaque 
portion 16 which is shielded in the first exposure step. In 
this event, the exposed first and second exposure monitor 
patterns 6 and 7 are shielded by the second opaque portion 18 
in the second exposure step. The wiring pattern 3 of the first 
mask portion 14a exposed in the first exposure step is shielded 
by the wiring opaque portion 13 of the second mask portion 14b 
in the second exposure step. 

An aligner 50 used for description of the double exposure 
process according to the embodiment of the present invention 
is a reduction projection aligner (a stepper) , as shown in Fig. 
6 , having a reduction ratio of 1:4, for example . An illumination 
optical system 40 includes a light source 41, a shutter 42, 
and an illumination lens system 44. A krypton fluoride (KrF) 
excimer laser having a wavelength X of 248 nm is used as the 
light source 41, and the illumination lens system 44 includes 
a fly-eye lens and a condenser lens. A coherence factor cr of 
the illumination optical system is set to 0.75. A projection 
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optical system 46 includes a projection lens, an aperture stop 
and the like , and a lens numerical aperture NA is 0 . 6 . An exposure 
light B projects a reduced pattern on the reticle 4 provided 
between the illumination optical system 45 and the projection 
optical system 46 onto a semiconductor substrate 1 provided 
on a stage 48. In the double exposure process, the first mask 
portion 14a on the reticle 4 is first exposed onto a shot area 
(an area exposed by a single event of light illumination) of 
the semiconductor substrate 1 by a s tep-and-repeat process. 
Subsequently, the second mask portion 14b on the reticle 4 is 
exposed onto the shot area after exposure of the first mask 
portion 14a by the step-and-repeat process. An exposure area 
range per shot is set to 20 mm by 20 mm. Although the reduction 
ratio of the aligner 50 is herein set to 1:4 for convenience 
of explanation, it is needless to say that any reduction ratio 
is applicable. In the following description, the dimension of 
a pattern on the reticle 4 will be described in terms of a dimension 
demagnified and projected on the semiconductor substrate 1 
unless otherwise noted. 

Next, an exposure monitoring method according to the 
embodiment of the present invention will be described while 
taking the first exposure monitor pattern 6 as an example for 
simplicity. As shown in Figs. 7A and 7B, the first exposure 
monitor pattern 6 is the diffraction grating configured to 
continuously change opening ratios by increasing the widths 
of the plurality of opaque films 6a to 6m provided on the 
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transparent substrate 5 at a constant rate by a fixed pitch 
P . The right side of the opaque film 6a shows the maximum opening 
ratio which is close to 100% as observed from the drawing; 
meanwhile, the opaque film 6m has an opening ratio of 0%. When 
the pitch P satisfies the following condition; 

P < k / NA * (1+cr) ... (1) 

at the wavelength A, and the numerical aperture NA , a diffraction 
grating pattern of the first exposure monitor pattern 6 is not 
resolved on the substrate. Although the exposure light B is 
diffracted by the diffraction grating of the first exposure 
monitor pattern 6, first-order diffraction light is shielded 
by the aperture stop in the projection optical system 46 of 
the aligner 50 and therefore does not project onto a surface 
of the semiconductor substrate 1 . In other words , only intensity 
distribution of a zero-order diffraction light is provided on 
the surface of the semiconductor substrate 1 in response to 
the opening ratios of the diffraction grating pattern and no 
diffraction grating pattern is resolved thereon. That is, 
optical transmittances caused by the diffraction grating 
pattern continuously vary in proportion to the opening ratios 
at a constant rate in one direction. Accordingly, amounts of 
transmitting exposure light constitute an inclined distribution 
In the case of the aligner 50 (X: 248 nm, NA : 0.6, (J: 0.75) 
used for describing the embodiment of the present invention, 
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the pitch P satisfying the condition of Formula (1) will be 
about 234 nm or less. Here, the pitch P is set to 190 nm. 

A positive-type resist used for describing the embodiment 
of the present invention is sensitive to a minimum exposure 
dose EXc and above, for example. A resist film exposed to an 
exposure dose equal to or higher than the minimum exposure dose 
EXc is dissolved in a development process and thereby reduced. 
For an exposure dose equal to or higher than a maximum exposure 
dose EXO, the resist film is completely dissolved. An exposure 
dose EX which is set higher than the maximum exposure dose EXO 
for an exposure margin is usually provided. In an intermediate 
range between the minimum exposure dose EXc and the maximum 
exposure dose EXO, the resist film is reduced, but the resist 
film is not completely removed and remains on a surface of a 
substrate to some extent. Here, if the exposure dose is set 
considerably higher than the maximum exposure dose EXO to cause 
a so-called overexposure , the resist film is excessively removed 
to reduce a resist pattern width which is supposed to remain. 
Therefore, the exposure dose EX is set to an amount higher than 
the maximum exposure dose EXO by several tens of percent. 

As shown in Fig. 8A, the exposure light B is irradiated 
on the reticle 4 including the first exposure monitor pattern 
6 and the semiconductor substrate 1 coated with the resist film 
is thereby exposed . For example , assuming that a left-side edge 
of the opaque film 6m of the first exposure monitor pattern 
6 to be a basic point, then as shown in Fig. 8B, an optical 
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image thus obtained will have a distribution in which exposure 
intensity is gently increased toward the right side as observed 
from the drawing so as to reach a value "1" at a right-side 
edge of the opaque film 6a of the first exposure monitor pattern 
6. Here, the exposure intensity is a value standardized by the 
exposure dose EX of the exposure light. Since the exposure dose 
EX is sufficiently higher than the exposure dose EX 0 , the exposure 
light is exposed onto the resist film on the semiconductor 
substrate 1 in accordance with a resist sensitivity curve, and 
a first monitor resist pattern 26 is obtained as shown in Fig. 
8C. That is, the resist film remains intact in an exposure 
position corresponding to a range where the exposure intensity 
is smaller than EXc/EX. An inclined sidewall 20 of the first 
monitor resist pattern 26 is formed in an exposure position 
where the exposure intensity is in the range from EXc/EX to 
EXO / EX . Here, theresist film is removed in an exposure position 
corresponding to the exposure intensity in the range from EXO/EX 
to 1 . Accordingly , as shown in Fig. 8C , the first monitor resist 
pattern 26 is reduced and receded from the edge on the opaque 
film 6a side of the first exposure monitor pattern 6 by a shift 
width As. On the other hand, a pattern displacement Ac («As/2) 
is created between a pattern center Ca of the exposed first 
exposure monitor pattern 6 and a pattern center Cb of the first 
monitor resist pattern 26. As a consequence, it is possible 
to monitor the exposure dose by measuring the pattern 
displacement Ac or the shift width As with an optical overlay 
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inspection system . 

A description will be provided for the case of performing 
the double exposure process by use of the reticle 4 according 
to the embodiment of the present invention. In the first 
exposure step , as shown in Fig . 9, the f irst displacement monitor 
51 of the first mask portion 14a is exposed once on the resist 
film in a first exposure dose Dl , for example. As a result, 
first and second monitor latent images 36 and 37 corresponding 
to the first and second exposure monitor patterns 6 and 7, and 
third and fourth monitor opaque portions 38 and 39 corresponding 
to the part of the first opaque portion 16, all of which are 
unexposed portions, are formed in an exposed resist film 32 
representing the resist film on the semiconductor substrate 
1 after exposure. As described with reference to Fig. 8C, a 
pattern width of each of the first and second monitor latent 
images 36 and 37 is reduced by a first shift width Asl in response 
to the first exposure dose Dl and is thereby defined as a first 
monitor width LI . 

Subsequently, in the second exposure step, the second 
displacement monitor 5 2 of the second mask portion 14b is exposed 
in a second exposure dose D2 as shown in Fig. 10. As a result, 
in addition to the first and second monitor latent images 36a 
and 37a which are the unexposed portions , a third monitor latent 
image 38a is formed at the third monitor opaque portion 38 and 
a fourth monitor latent image 39a is formed at the fourth monitor 
opaque portion 39 in the exposed resist film 32a exposed in 
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the first and second exposure steps. A pattern width of each 
of the third and fourth monitor latent images 38 and 39 is reduced 
by a second shift width As2 in response to the second exposure 
dose D2 and is thereby defined as a second monitor width L2 . 
The first and second monitor latent images 36 and 37 exposed 
in the first exposure step are shielded by the second opaque 
portion 18 in the second exposure step. Each of the first and 
second monitor latent images 36a and 37a , obtained after the 
double exposure, is made narrower by a displacement Xe than 
the pattern width obtained by a single exposure in the first 
exposure doseDl, and a first reduced width Lai is thereby defined . 
This is a result of overexposure caused by a fogging affect 
under the second opaque portion 18. The fogging affect occurs 
due to stray light resulting from diffraction or diffused 
reflection in the second exposure step. 

To evaluate the amount of fogging in the double exposure 
process, in the first exposure step shown in Fig. 9, the first 
displacement monitors 51 are first exposed to a predetermined 
number of the shot areas on the semiconductor substrate 1 while 
setting the first exposure dose Dl to a constant value. In the 
subsequent second exposure step shown in Fig. 10, the second 
displacement monitor 52 is exposed to the shot areas on the 
semiconductor substrate 1 where the first displacement monitor 
51 has been exposed while changing the second exposure dose 
D2 as a variable exposure dose Dx. After development, the first 
to fourth monitor resist patterns 26 to 29, where the first 
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to fourth exposure monitor patterns 6 to 9 of the first and 
second displacement monitors 51 and 52 are transferred, are 
formed as shown in Fig. 11. Pattern edges on the right side 
of the first and third monitor resist patterns 26 and 28 as 
observed from the front of the drawing are reduced and receded 
in the left direction, for example. On the contrary, pattern 
edges on the left side of the second and fourth monitor resist 
patterns 27 and 29 as observed from the front of the drawing 
are reduced and receded in the right direction. Moreover, the 
first and second monitor resist patterns 26 and 27 are shifted 
by the displacement Xe in opposite directions to each other 
because of the fogging in the variable exposure dose Dx in the 
second exposure step. Misalignment occurs when the third and 
fourth exposure monitor patterns 8 and 9 are exposed in the 
second exposure step. Accordingly, the third and fourth monitor 
resist patterns 28 and 29 are shifted in the same direction 
by the shift width Xa due to the double exposure. Here, the 
left direction, as observed from the drawing, to which the first 
monitor resist pattern 26 is reduced and receded will be defined 
as a positive direction, for example. Accordingly, first 
pattern displacement SI observed in the first monitor resist 
pattern 26 and the third monitor resist pattern 28 obtained 
in the double exposure process will be expressed by: 

Sl= Xe + Xa ... (2) . 
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Similarly, second pattern displacement S2 observed in the second 
monitor resist pattern 27 and the fourth monitor resist pattern 
29 will be expressed by: 

S2= -Xe + Xa ... (3) . 

Therefore, it is possible to derive the displacement Xe from 
a difference between Formula (2) and Formula (3) as: 

Xe= (SI - S2) /2 ... (4) . 

The first and second displacement SI and S2 can be measured 
with an optical overlay inspection system. Here, given that 
an absolute value of the difference between the first exposure 
dose Dl and the second exposure dose (the variable exposure 
dose) D2 is defined as an exposure difference Ad and the 
displacement Xe is plotted relative to the respective exposure 
differences Ad, then a relation is obtained as shown in Fig. 
12. The relation between the exposure difference Ad and the 
displacement Xe can be substantially approximate to the 
following quadratic expression applying correction 
coefficients A, B and C, namely: 

Xe= A*AD 2 + B*AD + C ... (5) 
Here , the correction coefficients A, B , and Care found by fitting 
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the relation between the exposure difference Ad and the 
displacement Xe , based on measurement data. 

Next, the exposure doses in the first and second exposure 
steps are conformed to an exposure dose D3 , and then the double 
5 exposure is similarly performed. Thereafter, displacement Xe 
(D3) is calculated by Formula (4) using a measurement result 
from the overlay inspection system. The obtained displacement 
Xe (D3) is substituted in Formula (5) , and the exposure difference 
Ad thus obtained is defined as a "fogging exposure dose E3". 

10 in this case, the same exposure dose is applied to the first 
and the second exposure steps in the double exposure process. 
Accordingly, the calculated displacement is due to the fogging 
affect in the exposure dose D3 . Therefore , the fogging exposure 
dose E3 is equal to the fogging affect in the exposure dose 

15 D3 in the second exposure step of the double exposure process. 
In this way, according to the exposure monitoring method of 
the embodiment of the present invention, it is possible to 
quantitatively evaluate the fogging exposure dose E3 in the 
double exposure process. 

20 Next, an exposure method for forming a circuit pattern 

by use of the reticle 4 according to the embodiment of the present 
invention will be described with reference to Figs. 13 to 16. 
A first optimum exposure dose Dml and a second optimum exposure 
dose Dm2 are predetermined for separately exposing the first 

25 and second mask portions 14a and 14b of the reticle 4. Moreover , 
a first fogging exposure dose El and a second fogging exposure 
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dose E2 relative to the first and second optimum exposure doses 
Dml and Dm2 are respectively calculated by the exposure 
monitoring method according to the embodiment of the present 
invention . 

a) First, as shown in Fig . 13, the semiconductor subs trate 
1 coated with a working resist film, or a positive-type resist 
film 31 is placed on the stage 48 of the aligner 50 provided 
with the reticle 4. 

b) In the first exposure step, the first image of the 
first mask portion 14a is transferred to each shot area on the 
semiconductor substrate 1 by the s tep-and-repeat process with 
a first exposure dose Dl . Here, the first exposure dose Dl is 
set to a first corrected exposure dose (Dml - E2), which is 
obtained by subtracting the second fogging exposure dose E2 
from the first optimum exposure dose Dml . For example, as shown 
in Fig. 14, a wiring latent image 33, a first monitor latent 
image 36, a second monitor latent image 37, a third monitor 
opaque portion 38 and a fourth monitor opaque portion 39, which 
are all unexposed portions, are formed in an exposed resist 
film 32, which is changed from the unexposed resist film 31 
by a chemical process promoted by exposure of light. 

c) In the subsequent second exposure step, the second 
image of the second mask portion 14b is transferred to each 
shot area on the semiconductor substrate 1 where the first image 
of the first mask portion 14a is transferred by the 
step-and-repeat process with a second exposure dose D2 . The 
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second exposure dose D2 is set to the second optimum exposure 
dose Dm2 . As shown in Fig . 15, in addition to an unexposed wiring 
latent image 33a and first and second monitor latent images 
36a and 37a , a third monitor latent image 38a is newly formed 
at the third monitor opaque portion 38 and a fourth monitor 
latent image 39a is newly formed at the fourth monitor opaque 
portion 39 in an exposed resist film 32a exposed in the first 
and second exposure steps. Here, the wiring latent image 33a, 
and the first and second monitor latent images 36a and 37a are 
subjected to fogging in the second exposure step in the fogging 
exposure dose E2 . 

d) The semiconductor substrate 1 after the double 
exposure as described above is developed, and a wiring resist 
pattern 23 and first to fourth monitor resist patterns 26 to 
29 are formed as shown in Fig. 16. The wiring resist pattern 
23 is transferred in the first exposure step in the first 
corrected exposure dose (Dml - E2) , which is corrected in 
accordance with the fogging exposure dose E2 caused by the second 
exposure dose D2 used in the second exposure step. Accordingly, 
the wiring resist pattern 23 is formed in the desired pattern 
dimensions . 

According to the exposure method of the embodiment of the 
present invention, it is possible to form highly accurate, 
well-controlled patterns in the double exposure process. 

The above description has been made regarding the case 
where the circuit patterns such as the wiring pattern 3 are 

24 



exposed on the resist film 31 in the first exposure step . However , 
there is also a case where the circuit patterns such as the 
wiring pattern are exposed in the second exposure step on the 
region which is shielded during the first exposure step. In 
such a case, a similar effect is obtained as a matter of course 
if a second corrected exposure dose (Dm2 - El) , which is obtained 
by subtracting the first fogging exposure dose El from the second 
optimum exposure dose Dm2 , is used as the second exposure dose 
D2 in the second exposure step. Moreover, when expositing 
different circuit patterns respectively in the first and second 
exposure steps, a similar effect has been confirmed by use of 
the first and second corrected exposure doses (Dml - E2) and 
(Dm2 - El) as the first and second exposure doses Dl and D2 , 
respectively . 

(MODIFIED EXAMPLE) 

Next , a reticle for double exposure according to a modified 
example of the embodiment of the present invention will be 
described. This modified example of the embodiment of the 
present invention is characterized by an exposure monitor 
pattern. Since other factors are similar to the embodiment of 
the present invention, duplicate description will be omitted 
herein . 

In the embodiment of the present invention, the first to 
fourth exposure monitor patterns 6 to 8 to be provided in the 
first and second displacement monitors 51 and 52 have a single 
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pattern in common. It is possible to enhance accuracy in 
displacement measurement by measuring a pattern displacement 
of a plurality of exposure monitor groups instead of a single 
exposure monitor, for example. As a modified example of the 
embodiment of the present invention, Fig. 17 shows a reticle 
4a including box-shaped exposure monitors. As shown in Fig. 
17, the reticle 4a includes a first displacement monitor 53 
and a second displacement monitor 54 on a transparent substrate 
5a. Similar to the reticle 4 described above, the first 
displacement monitor 53 is provided at a first exposure mask 
portion to be used in the first exposure step, and the second 
displacement monitor 54 is provided at a second exposure mask 
portion to be used in the second exposure step. 

The first displacement monitor 53 includes a first exposure 
monitor box 60 provided with first to fourth monitors 61 to 

64 which are arranged in a frame shape , a second exposure monitor 
box 70 provided with first to fourth monitors 71 to 74 which 
are also arranged in a frame shape, and a first opaque portion 

65 which is made of a uniform opaque film. 

The second displacement monitor 54 includes a third 
exposure monitor box 80 provided with first to fourth monitors 
81 to 84 which are arranged in a frame shape, a fourth exposure 
monitor box 90 provided with first to fourth monitors 91 to 
94 which are also arranged in a frame shape, and a second opaque 
portion 85 which is made of a uniform opaque film. 

Here, although details are omitted in Fig. 17, each of 
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the first to fourth monitors 61 to 64, 71 to 74, 81 to 84, and 
91 to 94 in the modified example of the embodiment of the present 
invention is an exposure monitor which includes the diffraction 
grating pattern having the same structure as the first exposure 
monitor pattern 6 shown in Fig . 7 . In the first and third exposure 
monitor boxes 60 and 80, each of the first and second monitors 
61, 62, 81, and 82 is a diffraction grating in which the opening 
ratio thereof is increased in a direction from the right to 
left of Fig. 17, for example. Each of the third and fourth 
monitors 63, 64, 83, and 84 is a diffraction grating in which 
the opening ratio thereof is increased in a direction from top 
to bottom of the drawing. On the other hand, in the second and 
fourth exposure monitor boxes 70 and 90, each of the first and 
second monitors 71, 72, 91, and 92 is a diffraction grating 
in which the opening ratio thereof is increased in a direction 
from the left to right of Fig. 17, for example. Each of the 
third and fourth monitors 73, 74, 93, and 94 is a diffraction 
grating in which the opening ratio thereof is increased in a 
direction from bottom to top of the drawing. 

Moreover, the first and second exposure monitor boxes 60 
and 7 0 provided at the first displacement monitor 53 are overlaid 
so as to be fitted within a region shielded by the second opaque 
portion 85 of the second displacement monitor 54. The third 
and fourth exposure monitor boxes 80 and 90 provided at the 
second displacement monitor 54 are overlaid so as to be fitted 
within a region shielded by the first opaque portion 65 of the 
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first displacement monitor 53. 

In Fig. 17, the first and third exposure monitor boxes 
60 and 80 create pattern shifts toward an upper right direction 
as observed with respect to the drawing as a result of exposure. 
The second and fourth exposure monitor boxes 70 and 90 create 
pattern shifts toward a lower left direction as observed with 
respect to the drawing. In this way, according to the reticle 
4a, it is possible to utilize not only one-dimensional 
displacement but also two-dimensional displacement to be 
represented as the pattern displacement of the first and second 
displacement monitors 53 and 54. Accordingly, it is possible 
to measure the fogging exposure dose of the double exposure 
with higher accuracy. 

As described above, according to the modified example of 
the embodiment of the present invention , it is possible to measure 
the influence of the fogging affect in the double exposure process 
easily with high accuracy and with high reproducibility. 

(OTHER EMBODIMENTS) 

To provide a distribution of transmittance of the exposure 
light, the embodiment of the present invention has applied an 
exposure pattern in which the opening ratio of the diffraction 
grating is changed at a desired rate. However, it is needless 
to say that any other method is applicable , instead of the 
diffraction grating, as long as such a method can provide for 
the distribution of transmittance of the exposure light. For 
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example, as shown in Figs. 18A and 18B, a plurality of opaque 
films 106a to 106m are provided on a transparent substrate 5b 
at constant widths while varying thicknesses at a constant rate 
as a first exposure monitor pattern 106 used in a reticle 4b. 
Even metal can provide an optical transmi ttance when the metal 
is formed with a thin film. Accordingly, when the metal used 
as the opaque films 106a to 106m is deposited while providing 
a thickness distribution thereto, the metal can change the 
optical transmittances . The thicknesses of the respective 
opaque films are increased stepwise from the opaque film 106a 
to the opaque film 106m. Therefore, the right side of the opaque 
film 106a as observed from the front of the drawing shows the 
maximum tr ansmittance value which is close to 100% and the opaque 
film 10 6m shows a transmi ttance of0%. Itis by all means possible 
to apply a structure by varying the thicknesses of the opaque 
films stepwise to the exposure monitor described in the 
embodiment and the modified example of the present invention. 
Alternatively, it is possible to form the exposure monitor by 
use of a structure in which the thicknesses of the opaque films 
are changed continuously in one direction. Moreover, it is 
needless to say that a similar effect is achieved by a structure 
in which an opaque material is formed into particles and particle 
density is changed therein so as to vary the optical 
transmittance . 

The embodiment of the present invention has been described 
by using an example of performing a double exposure with one 
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reticle. Even in the case of performing a multiple exposure 
process using a plurality of reticles, it is by all means possible 
to evaluate the fogging exposure created in a plurality of 
exposure processes in a similar manner. Moreover, the 
embodiment of the present invention has applied a KrF excimer 
laser reduction projection aligner for convenience of 
explanation. However, it is needless to say that ultraviolet 
rays such as the i-line or the g-line, other excimer lasers, 
electron beams, X-rays and the like are also applicable as the 
light source. Moreover, an aligner of a contact type, a 
proximity type, a mirror projection type or the like may be 
used . 

Various modifications will become possible for those 
skilled in the art after receiving the teachings of the present 
disclosure without departing from the scope thereof. 
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